University -UEM. The fruits were washed, sanitized, and cut longitudinally to remove the pulp. All chemical reagents used were of analytical degree.
Obtaining the enzymatic extracts of avocado pulp at different pHs
For the preparation of the raw extract of avocado pulp, 30 g of fruit pulp was used. The pulp was homogenized with 50 mL of sodium phosphate buffer, at different pHs (6.0, 6.5, 7.0, and 7.5) for two minutes in a blender. Later, the mixture was filtered in a cotton fabric. The filtrate was centrifuged at 12.000 rpm at 40 °C, for 20 minutes. The supernatant was stocked at -18 °C to determine the enzymatic activity subsequently.
Obtaining raw extracts from POD and PPO enzymes
For the preparation of raw extracts from PPO enzyme, 150 g of pulp of Quintal, Fortuna, and Choquete avocado varieties in two different maturation stages (green and ripe) were weighed. For the preparation of the POD extract, 150 g of avocado pulp of Choquete variety was used; the pulp was homogenized with 300 mL of phosphate buffer solution (100 mM, pH 6.0); 300 mL of buffer phosphate solution was used (100 mM, pH 7.4) for extracting the PPO. After obtaining the supernatants, they were stored at -18 °C. The residue of the homogenized centrifugation was resuspended aiming at obtaining the ionically bound POD fraction by using 30 mL of NaCl solution in sodium phosphate buffer (100 mM, pH 6.0). The mixture was then centrifuged at 12.000 rpm, at 40 °C, for 20 minutes. Later, the enzymatic extracts were stored at -18 °C.
Determining PPO and POD enzymatic activity
The activity of the PPO enzyme was determined according to Fujita et al. (1995) . 0.5 mL of PPO extract with 0.8 mL of buffer solution of 100 mM sodium phosphate and 0.05 mL of 0.01 M solution of catechol were mixed. The resulting mixture was incubated at 30 °C for 30 minutes. Next, 0.8 mL of 2 M perchloric acid was added and placed in an ice bath. The activity of PPO was determined by measuring the absorbance using a spectrophotometer (λ = 395 nm). One unit of PPO activity was defined as the increase of one unit of absorbance/minute.mL -1 of sample.
The POD activity was determined according to the method described by Clemente (1998) . 0.2 mL of the sample, 2.7 mL of 0.1% solution of H 2 O 2 in sodium phosphate buffer (100 mM, pH 6.0), and 0.1 mL of alcoholic solution of ortho -dianisidine 1.0% were then mixed with the extracts. The reading was performed at λ = 460 nm. The unit of activity of POD was defined as the increase of a unit of absorbance per minute mL -1 of sample.
Thermal treatment
The enzymatic extracts from the three varieties in different maturation stages were submitted to thermal treatment in temperatures of 60, 65, 70, 75, and 80 °C for periods from 1 to extract is usually non-linear relationship regarding time versus temperature, which occurs, probably, due to the presence of isoperoxidase with different stabilities in relation to temperature (WEEMAES et al., 1998) .
When smashed, cut or triturated, most of fruit pulps become dark quickly. Such a discoloration originates from reactions catalyzed by PPO enzyme (ARAÚJO, 1999) . This enzyme possesses copper (Cu ++ ) in the active nucleus, and it works as a mixed-function-oxidase catalyzing two different types of reaction. The first reaction, monoxigenase, acts in the hydroxylation from monophenols to dihydroxiphenols; the second one, oxidase, leads to the oxidation from diphenols into o-chinones (PINELI; MORETTI, 2007) .
Regarding the avocado pulp, the application of thermal treatment can cause adverse effects, such as changes in color and flavor and loss of vitamins (SOLIVA-FORTUNY et al., 2002) . Due to these reactions and some others, the temperature used must be controlled in the post-harvest, that is, after the picking up process (LUIZ et al., 2007) . In the food industry, the enzymatic inactivation is one of the resources used in the processing of several products. That process aims at conserving or preserving the product in the processing period and also during storage (CLEMENTE; PASTORE, 1998).
Those two enzymes, which are present in avocados, are studied firstly aiming at clarifying the ambiguity of results, and then, for leading to future understanding of the performance of that enzyme in the fruit ripening process.
The incorporation of avocado paste or pulp to meat derived products is an alternative to enrich the nutrition value of those products. Rueda-Lugo, Gonzáles-Tenório and Totosaus (2006) evaluated the substitution of the animal fat for avocado pulp paste, which is rich in vegetable oil, aiming at improving the nutritional value of hotdog sausages.
Based on those definitions, the main objective of the present study is to characterize the activity of polyphenoloxidase enzyme (PPO) extracted from the pulp of avocados belonging to Fortuna, Quintal, and Choquete varieties and the peroxidase (POD) soluble fractions and ionically bound to avocado pulp from Choquete variety to check which variety has the lowest activity of those enzymes in the 'post-harvest' period, in green and ripe maturation stages. The main purpose is the use of the fruit pulp in the elaboration of a minimally processed and/or industrialized product.
Materials and methods
Avocados of Persea americana Mill. species, in green and ripe maturation stages, belonging to Fortuna, Quintal, and Choquete varieties were selected from the Experimental Farm of the Regional Campus in the city of Diamante do Norte, which belongs to the State University of Maringá -UEM, located in the Northwest area of Paraná-Brazil at 362,000 m above the sea level, 22° 63' 94" latitude, and 52° 89' 01" longitude. The fruits were taken to the Laboratory of Food Biochemistry of the fruit reached the ripening stage, except for the Choquete variety. It can be observed that the PPO enzymatic activity varied according to the avocado variety tested. The fruit maturation stage has also influenced the activity of the PPO enzyme. The pulp of the Choquete avocado variety presented the highest PPO enzymatic activity in the green maturation stage. However, in the ripening stage, the higher activity of that enzyme was present in the pulp of Quintal avocado variety. The activity of that enzyme was higher in the ripening stage of the pulp of Quintal and Fortuna varieties. With respect to the pulp of Choquete variety, it was observed that the PPO activity was higher in the green stage.
The variations of enzymatic activity, in different maturation stages, can be an indicator of the involvement of that enzyme in the last maturation stages of the fruit development (ROBINSON, 1991) . The variations in PPO activity derive from the diversity of fruit varieties, fruit maturity, cultivation conditions, and fruit post-harvest condition (FENEMA, 1998) .
For the analysis of PPO enzymatic activity, in the avocado pulps analyzed, an inverse relationship can be observed between the temperature and the time of necessary heating for enzyme inactivation. According to Weemaes et al. (1998) , the thermal treatment is the most effective for PPO inactivation.
The Fortuna variety, in the stage of green maturation, presented the lowest index of activity of PPO enzyme in time 'zero' at temperature of 60 °C. With the increase in time and temperature, it can be observed that the index of enzymatic activity of the avocado pulp extracted from that variety remains the lowest. In the ripe stage, Choquete and Fortuna varieties were presented the lowest indexes of that activity, at 60 °C initially. With the increase in temperature, and the contact time between pulp extracts, it can be observed that the Choquete variety presents the lowest value of enzymatic activity. Weemaes et al. (1998) studied the thermo stability of PPO enzyme in several fruits and reported that avocado is a fruit that possesses high PPO activity. In their results, they observed that the inactivation of PPO enzyme, in avocado with commercial maturity, began at a temperature from 60 to 65 °C.
The residual PPO activity (%) in the pulp of Quintal, Fortuna, and Choquete varieties in the two maturation stages (green and ripe) are shown in Figure 2 .
In the present investigation, the total inactivation of PPO enzyme did not occur with the increase in the different temperatures used in a time period from 1 to 10 minutes. This fact can be explained by the presence of thermo-resistant isoenzymes, and it is necessary to perform the isolation of such enzymes to carry out a study showing that behavior before thermal treatments. Figure 2 shows that the larger the temperature and the time applied in the process, the smaller is the percentage (%) of that activity in the avocado pulp of the three varieties under study, thus proving the effect of the temperature on the contact time necessary for the thermal inactivation of the product. 10 minutes, and, the activities of PPO and POD enzymes were determined as described in 2.3.
Results and discussion
The results of the pH evaluation indexes for the extraction of enzymes are shown in Figure 1 . The highest activity of PPO enzyme was observed at pH 7.4; whereas the highest POD enzymatic activity was found at pH 6.0. After determining the respective enzymes, buffer solutions were used at the pH values found for each one of the enzymatic extracts in order to observe the enzymatic activity in the pulp of different avocado varieties, in both green and ripe maturation stages.
According to Brecht et al. (2007) , fruits that have pH lower than 4.5 present low PPO activity. Thus, most of the chemical products used to inhibit enzyme darkening has acidifiers in their composition.
In Table 1 , the values of PPO enzymatic activity are presented for the three avocado varieties, that is, Quintal, Fortuna, and Choquete in both green and ripe maturation stages. It is observed that PPO initial activity increased as the treatment capable of reducing this activity will help further studies on industrialization.
Ionically bound POD activity increases with the change in the maturation stage, but it reduces with the increase in temperature and time. It can be observed that it was smallest in the initial activity of the green stage than in the ripe stage. Figure 3 shows the residual activity of POD (%) in avocado pulp belonging to the Choquete variety. The ionically bound POD activity in the Choquete variety remains active even after the application of the thermal treatment at 80 °C for 10 minutes and a loss of approximately 60% of its activity in the fruit green stage and 50% in the ripe stage.
The PPO enzyme is related with the pulp darkening. Thus, a treatment to reduce its activity is a positive alternative to be used in industrial processing.
In Table 2 , the values of enzymatic activity of soluble ionically bound POD and POD are shown, for the pulp of Choquete variety in both green and ripe maturation stages.
It may be observed that the activity of POD soluble enzyme decreases with the maturation of the fruit and with the increase in temperature and time. The POD soluble enzyme activity is related to the process of avocado ripening (MURASAKI, 2005) influencing the change in the fruit flavor, therefore, any the ionic fraction presented higher activity than that of the soluble fraction.
The use of temperatures higher than those used in the present study is not recommended for avocado pulp because they can destroy the sensorial properties of the pulp, mainly flavor and texture (WEEMAES et al., 1998) . The application of a cooling process or refrigeration system for the storage after the fruit is harvested, in processed fruit and in fruit 'in natura' , can also lead to a reduction in the activity of those enzymes (ARRUDA, 2002). Figure 4 presents the values of the residual activity (%) of ionically bound POD. It can be observed that that activity remains active after thermal treatment at 80 °C and 10 minutes-time.
The ionically bound POD activity in the Choquete variety also remains active even after the application of the thermal treatment at 80 °C after 10 minutes and loss of approximately of 60% of its activity in the green stage and 50% in the ripe stage. Comparing the activity of soluble POD with ionically bound POD, in the two maturation stages, it is observed that 
